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Abstract: RCC cache coherence protocol in Godson-T many-core processor is a characteristic parameterized concurrent
system. It is a challenge to verify this protocol. Cubicle is a recently built parameterized model checking tool based on

SMT solver. We used Cubicle to model and verify RCC protocol successfully. The experimental results show that RCC

protocol satisfies all kinds of safety properties regardless of how many nodes it has.
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(*user-defined type*) “

type cacheState = Invalid | Dirty | Valid
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(*Lock set*)

var Lock 1 owner : proc

var Lock 1 beUsed : bool

var Lock 2 owner : proc

var Lock 2 beUsed : bool

(*Memory*)

var Memory 1 data : int

var Memory 2 data : int

var Memory 3 data : int
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JRAR R, R TR,
(*Node*)

array Cache 1 state[proc] : cacPe

array Cache 1 addr[proc]: int *

array Cachey1_data[proe] : int

array Cache_2_state[proc] : cache

\array Cache_ 2 addr[proc] : int

array Cache 2 data[proc] : int

array FirstRead al[proc] : bool

array FirstRead a2[proc] : bool

array FirstRead a3[proc] : bool

array HasLock[proc] : bool
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z SRR
(*Init*)
init(z) {

Lock 1 beUsed = False &&

Lock 2 beUsed = False &&

Memory 1 data=0 &&

Memory 2 data=0 &&

Memory 3 data=0 &&

Cache 1 state[z] = Invalid &&

Cache 2 state[z] = Invalid &&

FirstRead al[z] = True &&

FirstRead a2[z] = True &&

FirstRead a3[z] = True &&

HasLock[z] = False
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transition 11_Acquire(n)

requires { HasLock[n] = False && Lock 1 beUsed =
False && Lock 2 beUsed = False }

{
Lock 1 beUsed := True;
Lock 1 owner :=n;
FirstRead al[j] := case
|j=n:True
| _:FirstRead al[j];
FirstRead_a2[j] := case
|j=n:True i
| _:FirstRead a2[j];
FirstRead a3[j] := case
|j=n: True
| _:FirstRead a3[j];
HasLock[j] := case
|j=n:True
| _:HasLock[j];

}

X AT MAEE — A S b, requires
{ HasLock[n] = False && Lock 1 beUsed = False &&
Lock 2 beUsed = False }&ixiTB M L4, Jaii
R, RS ER, TR G
R

AT B AT T 974, el s B
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TR BIAR S EAE; 5). 0 XA, S P EIA T
A, 6).Im A DX, A7 PR BIA G A, 7).
TN, A7 A RIS 5 AT, AT e X e
VEREAT RIS RO, 1 T e rh — N3 ) 5491
(*Transition a[1-3]C[1-2]A[1-3] Lock[1-2] FirstRead
A[1-3] Dirty Cache Replace *)

requires { HasLock[n] = True && Lock 1 beUsed =
True && Lock 1 owner =n && FirstRead al[n] = True
&& Cache 1 state[n] = Dirty && Cache 1 addr[n] =2
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&& Cache 2 addr[n] <>1}

{
Memory 2 data := Cache 1 data[n];
Lasting 2 := False;
Cache 1 state[j] := case
|j=n: Valid
| :Cache 1 state[j];
Cache 1 addr[j] := case
[j=n:1
| :Cache 1 addr[j];
Cache_1_data[j] = case
|j =n :Memory _data
|\: : Cache 1 datal[j];
FirstRead al[j] := case
|j=n: False
| _:FirstRead al[j];

i, FfiE L RCC WH P22 BT, i R
AN AN B TR, I RAT R A S R
HIR 208, I8 A XA G5 RO AN BE A [F)— ML
(*Invariance™®)
unsafe (z1 z2) { HasLock[z1] = True && HasLock[z2] =
True && Lock 1 owner =Lock 2 owner }
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12¢2m3 243 119 0.16s 365
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